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This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 
(THE BASIC FILING FEE IS ATTACHED) 

2. □ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

This express request to begin national examination procedures [35 U.S.C. 371(f)] at any time rather than delay examination un 
the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 

A proper demand for International Preliminary Amendment was made by the 19lh month from the earliest claimed priority date. 

A copy of the International Application as filed [35 U.S.C. 371(c)(2)] 

a. ^ is transmitted herewith (required only if not transmitted by the International Bureau). 

b. □ has been transmitted by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (ROAJS). 
6. 13 A translation of the International Application into English [35 U.S.C. 371 (c)(2)l. 

Amendments to the claims of the International Application under PCT Article 19 [35 U.S.C. 371(c)(3)] 

a. □ are transmitted herewith (required only if not transmitted by the International Bureau), 

b. □ have been transmitted by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. S have not been made and will not be made. 



[35 U.S.C. 371(c)(5)]. 
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ENTER APPROPRIATE BASIC FEE AMOUNT = 


$ 890.00 




Surcharge of $130.00 for furnishing the oath or declaration later 
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[37 C.F.R. 1 .137(a) or (b)] must be filed and granted to restore the application to pending status. 

SEND ALL CORRESPONDENCE TO: ^ ^ 

Arent Fox Kintner Plotkin & Kahn / / \ >cr>'^0 

1050 Connecticut Avenue, N.W. / / ^ X.^^-y^^"^^ 

Washington. D.C. 20036-5339 / Ay^JcIc^^^ .-^./Ct^-''^-'-'^^^ ^ 
Tel: (202) 857-6000 Fax:(202)638-4810 U^obertB. Murray 

RBM/epb Reg. No. 22,980 ^ ~ J 



t~- 



TECH/100004.1 



2 



.1. o o ;dl,0!y?-'-^§Pj|3i9i!§;3 3 

JC13 Rec'd PCT/PTO 2 5 FEB 2002 

PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Application of: Wilhelm ANSORGE et al. 
New U.S. National Stage of PCT/E POO/08 193 

Filed: Concurrently herewith Attorney Dl<t. No.: 100564-00103 

For: IMMOBILISING AND LABELLING BIOPOLYMERS 

PRELIMINARY AMENDMENT 

Commissioner for Patents 

Washington, D.C. 20231 February 25, 2002 

Sir: 

Prior to calculation of the filing fees and initial examination of the application, 
please amend the above-identified application as follows: 
IN THE SPECIFICATION : 
Before Line 1 , page 1 insert 

" CROSS-REFERENCE TO RELATED APPLICATION 

This application is a National Stage entry of International Application No. 
PCT/EPOO/08193, filed August 22, 2000, the entire specification claims and drawings of 
which are incorporated herewith by reference. ~ 
IN THE CLAIMS : 

Please amend claims 3-5, 8-12, 15, 16, 18-21, 24, 28-30, 35-37, 40 and 43 as 
follows: 

3. (Amended) Method as claimed in claim 1 , 
characterized in that 

TECH/100046.1 



the solid phase is selected from silicon, silicon dioxide, silicate glasses 
and silicon/silicon dioxide. 

4. (Amended) Method as claimed in claim 1 , 
characterized in that 

the solid phase comprises a structure of the general formula (I); 

Z-R (I) 
in which Z denotes silicon, silicon dioxide, a silicate glass or an 

oxidized silicon layer, 
R denotes (CH2)n-C1 



► (CHO.-I«H-(CHa)nrC^ 



.(CHA.-NH-^^^ 
O 

\ 

- (CHaVCH-CH, 

S(0) 
il 

- (CH0„-NH-C-NH-R'-N-O-S(O) 
-(CH2)a-hnH^-CHt-(CH;i)rt-C^^ or 
-(CH0«-N-C-S(O) 

R^ denotes an alkylene or arylene residue, in particular a 1 ,4 phenylene 
residue and 

n and m each denote a positive integer preferably from 1 to 20. 
5. (Amended) Method as claimed in claim 1 , 

TECH/100046.1 . 2 - 
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characterized in that 

the biopolymers are selected from nucleic acids and nucleic acid 

analogues. 

8. (Amended) Method as claimed in claim 6; 
characterized in that 

O 
II 

X denotes -(CH2)ni- or (CH2)ni-0-P- 

I 

OM 

in which 

n^ denotes a positive integer or 0, in particular from 1 to 20 e.g. 3, 6 or 
12 and 

M denotes hydrogen or a cation. 

9. (Amended) Method as claimed in claim 6 
characterized in that 

the amino-modified nucleic acids are produced by enzymatic synthesis 
and 

subsequent site-specific cleavage at the amino group. 

10. (Amended) Method as claimed in claim 6, 
characterized in that 

after immobilization of the biopolymer the solid phase comprises a 
structure of the general formula (III): 

Z-R^-Y-X-NA (111) 
in which Z denotes a solid phase, 

TECH/100046. 1 . 3 . 
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(CH2)n2-, 

N=CH-(CH2)m-CH=N-, 
NH-CH2-(CH2)m-CH2-NR' , 




S(0) S(0) 

II (I 

-NH-C-NH- R'- NH=C=NR^- 

or 

OH 
I 

R', R^' NA and X are defined as in claim 6, 

n2 denotes a positive integer or 0, in particular from 1 to 20 e.g. 1, 3. 6 

or 12 

and 

m denotes a positive integer preferably from 1 to 20. 

1 1 . (Amended) Method as claimed in claim 1 , 
characterized in that 

biopolymers are applied to the solid phase in an array structure. 

12. (Amended) Method as claimed in claim 1, 
characterized in that 

TECH/l 00046.1 . A . 
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the biopolymers are applied by microinjection pipettes. 

15. (Amended) Solid phase as claimed in claim 13, 
characterized in that 

the individual surface areas have a diameter of about 0.5 to 10 //m. 

16. (Amended) Use of a solid phase produced as claimed in claim 1 to 
examine interactions between the immobilized biopolymers and free biopolymers. 

18. (Amended) Use as claimed in claim 16, 
characterized in that 

the immobilized biopolymers are selected from nucleic acids, nucleic acid 
analogues and PNA and an interaction with free biopolymers based on hybridization is 
examined. 

19. (Amended) Use as claimed in claim 16 for sequencing nucleic acids. 

20. (Amended) Use as claimed in claim 16 for examining the expression of 
genes, the function of genes and metabolism. 

21. (Amended) Device for carrying out examination of hybridization-based 
interactions of immobilized and free biopolymers comprising a solid phase produced as 
claimed in claim 1 hybridization probe, a hybridization buffer and a hybridization 
chamber optionally connected to a pumping device and a temperature control device. 

24. (Amended) Use as claimed in claim 22, 
characterized in that 

hybridization probes are used which contain 5' amino-modified nucleotide 
building blocks. 

28. Method as claimed in claim 26, 
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characterized in that 

deoxyribonucleoside triphosphates labeled with fluorescent groups which 
are preferably selected from fluorescein, CY3 and CY5 are used in step (c). 

29. Method as claimed in claim 26, 
characterized in that 

5' amino-modified nucleotide building blocks are incorporated into the 
cDNA molecules during the amplification. 

30. (Amended) Method as claimed in claim 26, 
characterized in that 

at least one of the primers used for the amplification in step (c) is a 5' 
amino-modified primer. 

35. (Amended) Method as claimed in claim 31 , 
characterized in that 

after immobilization of the biopolymer the solid phase comprises a 
structure of the general formula (V): 

I 

O 
I 

Z-0-Si-(CH2)n-NH-(CH2)m-NH2 - NA (V) 
I 

O 
I 

in which NA, Z, n and m represents a covalent or non-covalent 

interaction. 

36. (Amended) Method as claimed in claim 31 , 
characterized in that 

TECH/l 00046.1 . g . 



the biopolymers are applied to the solid phase in an array structure. 
37. (Amended) Method as claimed in claim 31, 
characterized in that 

the biopolymers are applied by microinjection pipettes. 
40. (Amended) Solid phase as claimed in claim 38 
characterized in that 

the individual surface areas a have diameter of about 0.5 to ^0 /jm. 
43. (Amended) Method as claimed in claim 41 for mutation analysis. 
Please add the following new claims: 

-44. Use of a solid phase produced as claimed in claim 13 to examine 
interactions between the immobilized biopolymers and free biopolymers. 

45. Device for carrying out examinations of hybridization-based interaction of 
immobilized and free biopolymers comprising a solid phase produced as a solid phase 
as claimed in claim 14, at least one labeled hybridization probe, a hybridization buffer 
and a hybridization chamber optionally connected to a pumping device and a 
temperature control device. 

46. Method as characterized in that 

after immobilization of the biopolymer the solid phase comprises a 
structure of the general formula (V): 

I 

O 
I 

Z-0-Si-(CH2)n-NH-(CH2)m^NH2 - NA (V) 
I 

O 
I 

TECH/100046. 1 . 7 . 
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in which NA, Z, n and m are defined as claimed In claim 10 and - 
represents a covalent or non-covalent interaction. -- 
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REMARKS 



Claims 1-46 are pending in tliis application. By this Amendment, claims 3-5, 8- 
12, 15, 16, 18-21, 24, 28-30, 35-37, 40 and 43 are amended to correct the multiple 
dependency thereof and claims 44-48 have been added to place this application into 
better condition for examination. No new matter is added. 



ARENT FOX KINTNER PLOTKIN & KAHN, PLLC 
1050 Connecticut Avenue, N.W., 
Suite 400 

Washington, D.C. 20036-5339 
Tel: (202) 857-6000 
Fax: (202)638-4810 
RBM/epb 



Respectfully submitted. 
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MARKED-UP CLAIMS 

3. (Amended) Method as claimed in claim 1 [or 2], 
characterized in that 

the solid phase is selected from silicon, silicon dioxide, silicate glasses 
and silicon/silicon dioxide. 

4. (Amended) Method as claimed in [one of the previous] claim[s] 1, 
characterized in that 

the solid phase comprises a structure of the general formula (I): 

Z-R (I) 
in which Z denotes silicon, silicon dioxide, a silicate glass or an 

oxidized silicon layer, 
R denotes (CH2)n-C1 
R^ denotes an alkylene or arylene residue, in particular a 1 ,4 phenylene 
residue and 

n and m each denote a positive integer preferably from 1 to 20. 

5. (Amended) Method as claimed in [one of the previous] claim[s] 1 , 
characterized in that 

the biopolymers are selected from nucleic acids and nucleic acid 

analogues. 

8. (Amended) Method as claimed in claim 6 [or 7]; 
characterized in that 

O 
II 

X denotes -(CH2)ni- or (CH2)ni-0-P- 
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I 

OM 

in which 

denotes a positive integer or 0, in particular from 1 to 20 e.g. 3, 6 or 

12 and 

IVI denotes hydrogen or a cation. 

9. (Amended) Method as claimed in claim 6 [to 8], 
characterized in that 

the amino-modified nucleic acids are produced by enzymatic synthesis 
and 

subsequent site-specific cleavage at the amino group. 

10. (Amended) Method as claimed in claim 6 [to 9], 
characterized in that 

after immobilization of the biopolymer the solid phase comprises a 
structure of the general formula (III): 

Z-R^-Y-X-NA (III) 
in which Z denotes a solid phase, 
denotes - (CH2)n2-, 
Y denotes - N=CH-(CH2)m-CH=N-, 

- NH-CH2-(CH2)m-CH2-NR\ 

- NR\ 

R', R\ NA and X are defined as in claim 6, 

n2 denotes a positive ihteger or 0, in particular from 1 to 20 e.g. 1 , 3, 6 
or 12 

TECH/100046.1 - 11 . 
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and 

m [is defined as in claim 4] denotes a positive integer preferably 

from 1 to 20 . 

1 1 . (Amended) Metliod as claimed in claim 1 [to 10], 
characterized in that 

biopolymers are applied to the solid phase in an array structure. 

12. (Amended) Method as claimed in claim 1 [to 11], 
characterized in that 

the biopolymers are applied by microinjection pipettes. 

15. (Amended) Solid phase as claimed in claim 13 [or 14], 
characterized in that 

the individual surface areas have a diameter of about 0.5 to 10 /ym. 

16. (Amended) Use of a solid phase produced as claimed in [one of tlie] 
claim[s] 1 [to 12] [as claimed in one of the claims 13 to 15] to examine interactions 
between the immobilized biopolymers and free biopolymers. 

18. (Amended) Use as claimed in claim 16 [or 17], 
characterized in that 

the immobilized biopolymers are selected from nucleic acids, nucleic acid 
analogues and PNA and an interaction with free biopolymers based on hybridization is 
examined. 

19. (Amended) Use as claimed in claim[s] 16 [to 18]for sequencing nucleic 

acids. 
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20. (Amended) Use as claimed in [one of the] claim[s] 16 [to 18] for 
examining the expression of genes, the function of genes and metabolism. 

21. (Amended) Device for carrying out examination of hybridization-based 
interactions of immobilized and free biopolymers comprising a solid phase produced as 
claimed in [one of the] claim[s] 1 [to 12] [as claimed in one of the claims 14 to 16,] 
hybridization probe, a hybridization buffer and a hybridization chamber optionally 
connected to a pumping device and a temperature control device. 

24. (Amended) Use as claimed in claim 22 [or 23], 
characterized in that 

hybridization probes are used which contain 5' amino-modified nucleotide 
building blocks. 

28. Method as claimed in claim 26 [or 27], 
characterized in that 

deoxyribonucleoside triphosphates labeled with fluorescent groups which 
are preferably selected from fluorescein, CY3 and CY5 are used in step (c). 

29. Method as claimed in [one of the] claim[s] 26 [to 28], 
characterized in that 

5' amino-modified nucleotide building blocks are incorporated into the 
cDNA molecules during the amplification. 

30. (Amended) Method as claimed in [one of the] claim[s] 26 [to 29], 
characterized in that 

at least one of the primers used for the amplification in step (c) is a 5' 
amino-modified primer. 

TECH/100046. 1 - 1Q . 



35. (Amended) Method as claimed in [one of the] claim[s] 31 [to 34], 
characterized in that 

after immobilization of the biopolymer the solid phase comprises a 
structure of the general formula (V): 

I 

O 
I 

Z-0-Si-(CH2)n-NH-(CH2)nTNH2 - NA (V) 
I 

O 
I 

in which NA, Z, n and m represents a covalent or non-covalent 

interaction. 

36. (Amended) Method as claimed in [one of the] claim[s] 31 [to 35], 
characterized in that 

the biopolymers are applied to the solid phase in an array structure. 

37. (Amended) Method as claimed in [one of the] claim[s] 31 [to 36], 
characterized in that 

the biopolymers are applied by microinjection pipettes. 
40. (Amended) Solid phase as claimed in claim 38 [or 39], 
characterized in that 

the individual surface areas have a diameter of about 0.5 to 10 //m. 
43. (Amended) Method as claimed in claim 41 [or 42] for mutation analysis. 
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MARKED-UP CLAIMS 

3. (Amended) Method as claimed in claim 1 [or 2], 
characterized in that 

the solid phase is selected from silicon, silicon dioxide, silicate glasses 
and silicon/silicon dioxide. 

4. (Amended) Method as claimed in [one of the previous] claim[s] 1, 
characterized in that 

the solid phase comprises a structure of the general formula (I): 

Z-R (I) 
in which Z denotes silicon, silicon dioxide, a silicate glass or an 

oxidized silicon layer, 
R denotes (CH2)n-C1 
R^ denotes an alkylene or arylene residue, in particular a 1 ,4 phenylene 
residue and 

n and m each denote a positive integer preferably from 1 to 20. 

5. (Amended) Method as claimed in [one of the previous] claim[s] 1 , 
characterized in that 

the biopolymers are selected from nucleic acids and nucleic acid 

analogues. 

8. (Amended) Method as claimed in claim 6 [or 7]; 
characterized in that 

O 
II 

X denotes -(CH2)ni - or (CH2)ni -O-P- 
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I 

OM 

in which 

denotes a positive integer or 0, in particular from 1 to 20 e.g. 3, 6 or 

12 and 

M denotes hydrogen or a cation. 

9. (Amended) Method as claimed in claim 6 [to 8], 
characterized in that 

the amino-modified nucleic acids are produced by enzymatic synthesis 
and 

subsequent site-specific cleavage at the amino group. 

10. (Amended) Method as claimed in claim 6 [to 9], 
characterized in that 

after immobilization of the biopolymer the solid phase comprises a 
structure of the general formula (III): 

Z-R^-Y-X-NA (III) 
in which Z denotes a solid phase, 
denotes - (CH2)n2-, 
Y denotes - N=CH-(CH2)m-CH=N-, 

- NH-CH2-(CH2)m-CH2-NR\ 

- NR\ 

R', R\ NA and X are defined as in claim 6, 

n2 denotes a positive integer or 0, in particular from 1 to 20 e.g. 1, 3, 6 
or 12 
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and 

m [is defined as in claim 4] denotes a positive integer preferably 

from 1 to 20 . 

11. (Amended) Metliod as claimed in claim 1 [to 10], 
characterized in that 

biopolymers are applied to the solid phase in an array structure. 

12. (Amended) Method as claimed in claim 1 [to 11], 
characterized in that 

the biopolymers are applied by microinjection pipettes. 

15. (Amended) Solid phase as claimed in claim 13 [or 14], 
characterized in that 

the individual surface areas have a diameter of about 0.5 to 10 A/m. 

16. (Amended) Use of a solid phase produced as claimed in [one of the] 
claim[s] 1 [to 12] [as claimed In one of the claims 13 to 15] to examine interactions 
between the immobilized biopolymers and free biopolymers. 

18. (Amended) Use as claimed in claim 16 [or 17], 
characterized in that 

the immobilized biopolymers are selected from nucleic acids, nucleic acid 
analogues and PNA and an interaction with free biopolymers based on hybridization is 
examined. 

19. (Amended) Use as claimed in claim[s] 16 [to 18]for sequencing nucleic 

acids. 
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20. (Amended) Use as claimed in [one of the] claim[s] 16 [to 18] for 
examining the expression of genes, the function of genes and metabolism. 

21. (Amended) Device for carrying out examination of hybridization-based 
interactions of immobilized and free biopolymers comprising a solid phase produced as 
claimed in [one of the] claim[s] 1 [to 12] [as claimed in one of the claims 14 to 16,] 
hybridization probe, a hybridization buffer and a hybridization chamber optionally 
connected to a pumping device and a temperature control device. 

24. (Amended) Use as claimed in claim 22 [or 23], 
characterized in that 

hybridization probes are used which contain 5' amino-modified nucleotide 
building blocks. 

28. Method as claimed in claim 26 [or 27], 
characterized in that 

deoxyribonucleoside triphosphates labeled with fluorescent groups which 
are preferably selected from fluorescein, CY3 and CY5 are used in step (c). 

29. . Method as claimed in [one of the] claim[s] 26 [to 28], 

characterized in that 

5' amino-modified nucleotide building blocks are incorporated into the 
cDNA molecules during the amplification. 

30. (Amended) Method as claimed in [one of the] claim[s] 26 [to 29], 
characterized in that 

at least one of the primers used for the amplification in step (c) is a 5' 
amino-modified primer. 
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35. (Amended) Method as claimed in [one of the] claim[s] 31 [to 34], 
characterized in that 

after immobilization of the biopolymer the solid phase comprises a 
structure of the general formula (V); 

I 

O 
I 

Z-0-Si-(CH2)n-NH-(CH2)m-NH2 - NA (V) 
I 

O 
I 

in which NA, Z, n and m represents a covalent or non-covalent 

interaction. 

36. (Amended) Method as claimed in [one of the] claim[s] 31 [to 35], 
characterized in that 

the biopolymers are applied to the solid phase in an array structure. 

37. (Amended) Method as claimed in [one of the] claim[s] 31 [to 36], 
characterized in that 

the biopolymers are applied by microinjection pipettes. 
40. (Amended) Solid phase as claimed in claim 38 [or 39], 
characterized in that 

the individual surface areas have a diameter of about 0.5 to 10 //m. 
43. (Amended) Method as claimed in claim 41 [or 42] for mutation analysis. 
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^ Immobilising and labelling biopolymers 

Description 

The invention concerns methods for immobilizing biopolymers, in particular nucleic 
acids on a solid phase. In this process covalent bonds can be made between primazy 
or/and secondary amine groups of the biopolymers and groups of the solid phase that 
react with amino groups. Alternatively the biopolymers can also be bound to the 
solid phase by non-covalent interactions. 

The binding of nucleic acids to the surface of solid phases is a very critical step in the 
production of biochips. A current standard procedure includes the use of surfaces 
coated with polylysine on which DNA is immobilized by adsorption interactions the 
binding efficiency being increased by additional UV crosslinking. However, this 
method has considerable disadvantages with regard to the re-use of the chips, the 
binding capacity, the limitation to long DNA fragments, the damage to the DNA e.g. 
by cleavage of purine bases with formation of photodimcrs, the detachment of 
compounds and the signal background due to unspecific binding to the surface 
during the hybridization. 

Hence there is a need to provide an effective and simple method for binding 
biopolymers, in particular DNA and oligonucleotides of any length, to solid phases 
in order to at least partially overcome the aforementioned disadvantages of the prior 
art. 

According to the present invention a new method is provided for producing biochips 
and in particular nucleic acid chips which is based on the binding of biopolymers to a 
solid phase. In a preferred embodiment of this method, nucleic acids are immobilized 
which carry an amino group at their 5* end and are obtainable by enzymatic 
incorporation of 5'-amino-modified nucleoside building blocks into nucleic acids and 



:1. 0' O ^h' 



-2- 

Q 

subsequent site specific cleavage of the nucleic acids. This method is described in 
detail in the Tntemational Patent AppJication PCT/EP99/02320 to which reference is 
expressly made in this connection. 

A first aspect of the invention is a method for covalcntly immobilizing biopolymeis 

on a solid phase comprising the steps: 

(a) preparing a solid phase selected from metallic solid phases, oxidic sohd phases 
and metallic-oxidic solid phases which contains groups on at least part of its 
surface which can react with amino groups and are selected from halogcnide, 
aldehyde, epoxide, isocyanatc and isothiocyanate groups, 

(b) preparing a biopolymer with a reactive amino group and 

(c) covalently immohihzing the biopolymer on the solid phase during which the 
reactive amino group of the biopolymer which is preferably a primary or/and 
secondary amino group forms a covalent bond with a reactive group of the solid 
phase. 

The groups of the solid phase that can react with amino groups are selected from 
halogenide groups, in particular alkyl or/and arylhalogenide groups, aldehyde 
groups, epoxide groups, isocyanate groups and isothiocyanate groups of which 
arylhalogenide, aldehyde and isocyanate groups are preferred. Those reactive groups 
are produced by modifying the sohd phase. The solid phase in turn is preferably 
selected from materials based on silicon such as silicon, sihcon dioxide, silicate 
glasses or silicon/silicon dioxide. 

The activated solid phase prepared in step (a) of the method according to titie 
invention preferably cony^rises a structure of the general formula (1): 

Z-R (J) 
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in which Z denotes siUcon, silicon dioxide, a silicate glass or an oxidized 

silicon layer, 
R denotes (CHzVCl 

- (CH3)„-N=CH-(CHj)a.-C, 



O 
H 



CI 

(CHaVNH-^ON 

01 

O 

/ ^ 
(CHiX-CH-CHi 

S(0) 

II 

(CH2)..-1SIH-C-NH-R-N=C=S(0) 



(CH2)a-NH-CH,-(CH0n.-Cf^ or 

H 



- (CH,),-N=C=S(0) 

R' denotes an alkylene or arylene residue, in particular a 1,4 phcnylcne residue and 
n and m each denote a positive integer preferably from 1 to 20. 

The biopolymers to be immobilized are preferably selected from nucleic acids, for 
example DNA molecules, RNA molecules or/and oligonucleotides, and nucleic acid 
analogues such as peptidic nucleic acids (PNA). 

Amino-modified nucleic acids or nucleic acid analogues having a structure of the 
general formula (II) are particularly preferably immobilized on the solid phase: 

R'NH-X-NA CO) 
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in which 

R} denotes hydrogen or a Ci-C^ alkyl group, 

NA denotes a nucleic acid in particular a DNA or an oligonucleotide^ or a nucleic 
acid analogue, 

X denotes a chemical bond or a linker group and X is linked to the 5' or/and 
3' tenninal building block of NA. 

NA particularly preferably denotes a nucleic acid and the group R^NH-X is linked to 
NA via the 5* C atom of the 5' tenninal sugar residue which is in particular a 
deoxyribose residue. X in turn preferably denotes 

O 
11 

X -(CH2)m- or (CH^XrO-P- 

1 

OM 

in which 

nl denotes a positive integer or 0, in particular from 1 to 20 e.g, 3, 6 or 12 and 
M denotes hydrogen or a cation. 

As described in PCT/EP99/02320 5' ammo-modified nucleic acids can be produced 
by the enzymatic incorporation of 5' amino-modified nucleotide building blocks into 
nucleic acids and subsequent site specific cleavage at the amino group. The 
enzymatic incorporation can be carried out using enzymes selected from the group 
comprising DNA-dependent DNA polymerases, DNA-dcpcndcnt RNA polymerases. 
RNA-dq>endent DNA polymerases, RNA-dependent RNA polymerases and terminal 
transferases. The T7 DNA polymerase or related enzymes such as T3 or SP6 DNA 
polymerase or modifrcations of these enzymes are particularly preferred. 

The site speciiic cleavage at the amino group can take place by increasing the 
temperature e.g. to at least 37**C, adjusting acidic conditions e.g. pH < 5, microwave 
treatment, laser treatment, e.g. witii an infrared laser or/and by enzymatic digestion 
on the 3* side of the nucleotide containing the 5' amino group for example with 



exonucleases or endonucleases or phosphodiesterases, e.g. 3*^5* snake venom 
phosphodiesterase. 



Tt is also conceivable a linkage of X with the 3* terminal building block of NA. 

The immobilisation of the amino functional biopolymcrs on the solid phase is 
preferably carried out under alkaline conditions e.g. al a pH value of 9 to 1 1 . The 
biopolymers are contacted with the solid phase to be coated in a solution preferably 
at a concentration of 0.1 to 100 ^iM in particular 2 to 50 |.iM. An area to be coated 
preferably has a size of 0-1 to 100 mm^ in many cases several areas on a solid phase 
being coated with the same or different biopolymers. After the coating e.g. by 
jotting, the solid phase is dried and subsequently incubated in an aqueous medium 
at an elevated ten^crature e.g. > 40^C. Coated solid phases can be obtained in this 
manner that have a binding capacity of up to several 100 finol of the biopolymer e.g. 
of an oligonucleotide per mm^. 

The solid phase can be a biochip which optionally contains several defined areas 
occupied with nucleic acids in the form of array arrangements. The solid phase 
preferably has a stnxcture of die general formula (III): 



Z-R^-Y-X-NA 



(HD 



m which Z denotes the solid phase, 
denotes - (CH2)a2-, 



Y denotes 



N-CH.(CHxVCH-N-, 

NH-CH2-(CH2)„-CH2-NR^ 

NR^ 



CI (OH) 
NH< O N 




S(0) S(0) 

11 11 

- bM-C-NH- R'- NH=C= NR'- 



or 

OH 
I 

R\ R', NA and X arc defined as above, 

n2 denotes a positive integer or 0, in particular from 1 to 20 e.g. 1, 3, 6 or 12 and 
m is defined as above. 

Yet a further subject matter of the present invention is a solid phase with 
immobilized biopolymers comprising a structure of the general formula (HI) and the 
use of the solid phase to examine interactions between immobilized biopolymers and 
free biopolymers which are preferably derived from biological samples and can for 
example be selected from nucleic acids, nucleic acid analogues, peptides, 
polypeptides, tipids and carbohydrates. 

In a preferred embodiment of the present invention nucleic acids or nucleic acid 
analogues are used as the free biopolymers which contain 5' amino-modified 
nucleotide building blocks as described in PCT/EP99/02320. Due to the labiUty of 
the P-N-bond in these nucleic acids to temperature increases, acidic conditions, 
microwave treatment, laser treatment or/and enzymatic digestion, it is possible to 
selectively degrade the free biopolymers after the examination of interactions 
between the immobihzed biopolymers and the modified free biopolymers is 
completed. This is of particular importance when using long nucleic acid fragments 
as immobilized biopolymers and free biopolymers in which the double-stranded 
hybridb:ation regions can be larger than 100 bases and particularly preferably larger 
than 200 bases, e.g. 500 to 2000 bases. With such long hybridization regions it is 
usually only possible to detach the free biopolymers after completion of the 
examination under relatively drastic conditions which makes it difficult to re-use the 



inunobilized biopolymers for a rehybridization. These problems can be obviated by 
using nucleic acids with 5' amino-modificd nucleotide building blocks as 
biopolymers. In this case a non-modified nucleic acid must be used as the 
immobihzed biopolymer. 

A second aspect of the invention is a method for covalently or nou-covalcntly 
immobilizing biopolymers on a solid phase comprising the steps: 

(a) preparing a solid phase selected &om metaUic solid phases, oxidic solid phases 
and mctallic-oxidic solid phases which contains amino groups on at least part of 
its surface, 

(b) preparing a biopolymer and 

(c) immobilizing the biopolymer on the sohd phase duang which the solid phase 
containing amino groups forms stable covalent or non-covalent interactions with 

the biopolymer, in particular a nucleic acid, such as an unmodiijcd nucleic acid 
or an amino^-modified nucleic acid (as described above). 

The amino groups on the solid phase are preferably produced by treating the solid 
phase suri&ce with an aminosil>i compound. This aminosilyl compoimd preferably 
has a stmcturc of the general formula IV: 

(R'OhSHCH2)rm<CU2)J<iH2 (TV) 

in which R' denotes hydrogen or a Ci-d alkyi group, preferably a methyl residue 
and n and m are defined as above. The compound of formida (FV) is particularly 
preferably N-(6-aniinohex5d)-aminopropyl trimethoxysilane. 

Binding of biopolymers results in a solid phase, for example a biochip, which 
optionally contains several defined areas occupied by nucleic acids in the fonn of 
array arrangements. The solid phase preferably has a structure of the general 
formula (V): 
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! 

Z-0-'Si-(CH,VNH.(CH2)ni-NH, NA (V) 
I 

O 
I 

in which NA, Z, n and m are dejBned as above and - represents a covalent or non- 
covalent intcractioa. 

The biopolymcrs to be immobilized are preferably applied to the solid phase by 
means of microinjection pipettes. These microiajecdon pipettes arc for example glass 
capillaries which have an opening with a diameter of 0.1 jini to 1 mm, preferably 
0.5 ]im to 100 ^m. By means of these microiajeclion pipettes extremely small 
surface areas containing immobilized biopolymcrs can be generated on the surface 
which leads to a considerable increase in the array density on the solid phase. The 
diameter of the individual surface areas on the solid phase is preferably 0.5 to 10 ^m 
for example about 3 jim whereas only diameters of about 100 pun are usually 
achieved in the prior art. The improvement of the array density which is achieved by 
using microirijection pipettes is especially important for solid phases haviag 
structures of the general formulae (ID) and (V). However^ improvements are also 
achieved in array structures that have been produced in anotlier manner. 

Preferably interactions of the immobihzed biopolymers with free biopolyniers based 
on hybridization are examined. In order to achieve an optimal hybridization, a 
denaturation at an elevated temperature firstly takes place after contacting the coated 
solid phase with the free biopolymers and then incubation at the desired 
hybridization temperature for an adequate time period and using a suitable 
hybridization buffer. Preferred conditions for the hybridization especially of cDNA 
molecules to immobilized oligonucleotides are a hybridization temperature of 2 to 
1 0*C, a hybriciization duration of at least 4 h and a hybridization buffer which 
contains 1 to 50 mM divalent metal ions, in particular magnesium ions at a pH value 
of 7 to 9. The concentration of the free biopolymers e.g, cDNA molecules is 
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preferably 0.1 to 10 |i.m. After the hybridization it is washed at an adequate 
temperature for the desired stringency in each case (see Sambrook et al.. Molecular 
Cloning, A Laboratory Manual (1989), Cold Spring Harbor Laboratory Press). 

Tbe solid phase can for example be used to sequence nucleic acids, to examine the 
expression of genes, the function of genes and metabolism. Other applications of the 
solid phase arc the search for new active substances and drugs or eUccts thereof and 
optionally side effects thereof, the detection of genetically modified foods and the 
detection of mutations. 

Yet a further subject matter of the invention is a device for carrying out examinations 
of interactions of immobilized and free biopolymers based on a hybridization 
comprising a solid phase according to the invention, at least one labelled 
hybridization probe, a suitable hybridi2ation buffer and a hybridization chamber 
optionally connected to a pumping device and a temperature control device. The 
device can be used to detect the binding of labelled hybridization probes to 
inunobihzed biopolymers. Bound hybridization probes can be detached fh>m the 
solid phase without loss of immobilized biopolymers which enables the device to be 
used for one or several additional hybridization cycles. 

In a preferred embodiment a mixture of different cDNA molecules is used as the 
hybridization probe. This mixture of cDNA molecules can be obtained by a method 
which comprises the simidtancous amplification and labelling of cDNA molecules 
and comprises the steps: 

(a) preparing RNA molecules, preferably a population of different RNA molecules 
e.g. total RNA, mRNA or other RNA fractions from a biological sample, 

(b) reversely transcribing the RNA molecules using suitable primers without 
introducing marker groups into the resulting cDNA molecules, 

(c) simultaneously labelling and amplij^ing the cDNA molecules using one or 
several labelled deoxyribonucleoside triphosphates and 

(d) optionally purifying the resulting cDNA molecules. 
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The reverse transcription is preferably carried out by poIy-dT priming using a poly- 
dT primer which additionally contains a seclion of a coding region under conditions 
such that additionally nucleosides are attached at the 3' end of the reversely 
transcribed cDNA (e.g. the Superscript H Reverse Transcriptase from GIBCO/Life 
Technologies, which can attach 3 C residues) and a corresponding compl^entary 
oligonucleotide (e.g. a SMART oligonucleotide containing a 5' GGO region from 
Clontech). It is preferably amplified by PCR Xising a primer complementary to the 
coding region and a nucleoside triphosphate mixture which contmns one or several 
labelled triphosphates. The label can be a radioactive marker group. However, 
fluorescent groups are preferred s\ich as fluorescein, CY5 and CY3. 

The introduction of the marker groups during the amplification step has the 
advantage that large amounts of labelled probes are obtained. Other advantages of 
this procedure are high signal dynamics during the measurement and the possibility 
of using different marker groups. 

In a particularly preferred embodiment 5* amino-modified nucleotides as described in 
PCT/EP99/02320 are additionally used during the amplification step as building 
blocks for the enzymatic synthesis of the amplification products. The amplification 
products produced in this manner contain labile P-N bonds which can be cleaved 
under defined conditions (see above). This facilitates the detachment of labelled 
hybridization probes from the solid phase after completion of the hybridization 
experiment which further increases the number of possible re-hybridization cycles 
for the solid phase. 

* Yet a further subject matter of the invention is a method for separating double- 
stranded nucleic acids due to their base sequence in which one of the nucleic acid 
strands forming the double-stranded nucleic acid fragments contains at least one 5' 
amino-modified nucleotide building block. 

The separation of double-stranded nucleic acids due to their base sequence aUows a 
distinction to be made among nucleic acid fragments of essentially the same length 
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which only differ in their hasc sequence. In such a separation the nucleic acid double 
strands are at least partially melted for example by a temperature gradient or a 
gradient of denaturing agents. The extent of this melting is determined under the 
given conditions by the strength of the base pairing between the two nucleic acids 
and hence depends on die specific nucleic acid sequence. Such methods are for 
example used for mutation analysis e.g. to analyse point mutations. When 5' amino- 
modified nucleotide building blocks are incorporated into one of the two nucleic acid 
strands, e.g. by using appropriate primers, the modified nucleic acid can be site- 
specifically cleaved each at a desired position by an appropriate increase in the 
temperature. The 5' amino-modified nucleotide building blocks are preferably 
incorporated at that position or at those positions where a mutation is assumed. 
Cleavage of the P-N bond at the 5' amino-modified nucleotide building block during 
separation by an appropriate matrix e.g. a gel medium or a liquid chromatography 
separation matrix under appropriately adjusted temperature conditions leads to a 
significant improvement of the separation behaviour and hence to an improved 
differentiation among different nucleic acid fragments of the same length but having 
different sequences. 

The site-specific incorporation of 5* amino-modified nucleotide building blocks is 
preferably carried out by selecting combinations of suitable primers and 5' amino- 
modified nucleoside triphosphates and producing a modified complementary strand 
by primer extension. 

The invention is further elucidated by the following examples. 
Examples 

1. Preparation of an activated solid phase using aromatic trisubstitoted amines 
1.1 Derivatization of glass surfaces 

Standard microscope sUdes (Mendel) were purified for 1 h at room temperature with 
concentrated chromosulphuric acid and then washed with double distilled water. 
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Then the microscope slides were placed for 1 h at room temperature in 65 % nitric 
acid and then washed with double distilled water. Subsequently the microscope 
slides were placed for I h at room temperature in semi-concentrated hydrochloric 
acid and again washed in double distilled water. 

After drying the microscope slides were treated for 3 h at room temperature with 1 % 
trimcthoxy-3-amino-propylsilane in anhydrous toluene or dichloromethane or in 
methanohwater (1:1) and aflenvards dried for 3 h at llO^'C. 

Derivatized microscope shdes of the type CSAIOO (CEL Associates, Texas, USA) 
can also be used for most applications. 

1 .2 , Activation of the surfaces 

2 g Cyanuric chloride was dissolved in 20 ml dry acetone and added to 1 80 ml dry 
N,N-dimcthyl forraaniide (DMF). Subsequently 500 jil N,N-diisopropylethylaroine 
was added. The microscope slides prepared according to 1 .1 were placed for 30 min 
in this solution at room temperature and subsequently washed for 2 min with DMF 
and 2 min with acetone. After drying the microscope sHdes should be used 
immediately. 

2. Preparation of an activated solid phase using dialdehydes 

2.1 Derivatization of glass surfaces 

Standard microscope slides (Menzel) were cleaned as described under 1. 1 with 
chromosulphuric acid, nitric acid and hydrochloric acid and subsequently dried. 

2.2 Activation of the surfaces 

The microscope slides were placed in a 25 % solution of glutardialdehyde in double 
distilled water and allowed to stand in this solution for 24 h. Subsequently the 
microscope slides were removed from the solution and washed with double distilled 
water and dried. 
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3. Preparation of an activated solid phase using isocyanates 

3.1 Derivatization of glass surfaces 

Microscope slides (Menzel) were cleaned as d^ciibed under 1.1 with 
chroniosulphuric acid, nitric acid and hydrochloric acid and subsequently dried. 

3.2 Activation of tlie surfaces 

The microscope slides were contacted for 3 h at room temperature with 1 % 3-iso- 
cyanato-propyl dimethylchlorosilane in anhydrous toluene and subsequently dried. 

4« Covalently bonding of DNA to activated glass surfaces 

5'-(C6)-amino-niodified or 5 -(Ci2)-amino-modified oligonucleotides were manually 
spotted on the activated surfaces using a standard pipette. 0.1 M sodium carbonate 
pH 10 containing an oligonucleotide concentration between 2 and 50 was used 
for the spotting. Volumes of about 0.05 ^l were applied to an area of about 1 mm^. 

The spotted oligonucleotides were dried and then placed in a hybridization chamber 
filled with distilled water and incubated there for about 1 to 4 h at 50^C. 
Subsequently the microscope slides were washed in water or buffer solution and 
dried. 

5. Characterization of the binding of immobilized nucleic acids to the solid phase 

The stability of the covalcnt binding of 5'-(C6)-amino-modified or 5 -(Cu)-anmio- 
modified oligonucleotides to the solid phase was tested. OUgonuclcotides were used 
for this which were labelled at the 3' end with fluorescein or CY5. The 
oligonucleotides bound to the activated surface were incubated in water or 
hybridization buffer at elevated temperatures for various time intervals. 

The stability of the covalent immobilization was determined by means of the integral 
of the fluorescence signal. The amoimt of bound ohgonucleotides was determined by 
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comparison with a calibration cvurve which was recorded by fluorescence scamiing of 
Icnown amounts of molecules. 



The results for the stability of the covalent binding are shown in the following tabic: 



Time 


0 


30 


90 


150 


210 


T=90''C 


90.7 


96.0 


88.4 


102.4 


102.4 


T=85°C 


87.1 


101.8 


91.8 


95.3 


92.4 


1 T=80''C 


99.9 


103.8 


97.8 


103.5 


102.5 



It is apparent that even after long incubations at an elevated temperature th^e is no 
significant detachment of the immobilized ohgonacleoddes. 



The binding capacity of the solid phase is up to several 1 00 finol oligo- 
nucleotide/mm^. 

6. Preparation of modified FCR products 

A PGR was canied out using 5 -(C6)-amino-modifxed or 5 -(Ci2)-aniino-modified 
primers. These primers were prepared by chemical synthesis from commercially 
available synthesis building blocks by "standard amidite chemistry". Standard 
primers as well as gene-specific primers were used as primers. The PGR was carried 
out under standard conditions. The resulting modified PGR products were 
immobilized on a solid phase as described in section 4. 

7. Simultaneoas amplification and fluorescent iabelling of cDNA pools with 
unknown sequences 

Instead of introducing fluorescent labels during the rev^e transcription, the RNA 
was firstly reversely transcribed into cDNA and subsequently simultaneously 
labelled and amplified in a second step. 
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The reverse transcription (RT) was carried out according to the SMART PGR cDI 
synthesis kit (Clomech, Product inforaiation page 19). 

A typical procedure is shown in the following. 

Components of the reaction mixture: 

- 4 jil cDNA (from RT) 
33 ^il water 

- 5 ^1 1 0 X cDNA PGR buffer (Clontech, SMART PGR cDNA synthesis kit) 
6 \i[ nucleotide mix 

- the PGR fluorescein labelling mix from Boehringer Mannheim is suitable for 
labelling with fluorescein; 

the following protocol was used for GY5 or GY3: 



1 Compoimd 


5 X cone. 
[nM] 


Goncentration of 
the stock solution 


Added volumes 1 


GYS^dUTP or 
CY3-dXJTP 


as 


1 


25 


dTTP 


I 


100 


0.5 


dATP 


2.5 


100 


1.25 


dCTP 


2.5 _^ 


100 


1.25 


dGTP 


2.5 


100 


1.25 


Water 


/ 


/ 


20.75 


! E 






50 



1 ^1 PGR primer (10 ^iM, Clontecli, SMART PGR cDNA synthesis kit) 

1 fil 50 X advantage cDNA polymerase mix (Glontcch, SMART PGR cDNA 

synthesis kit) 



The total reaction volume is 50 jiL The reaction was earned out in the following 
cycles: 95'*C 1 min; 24 cycles: 95°G 15 s, 65°C 30 s and 68^C 8 min. 
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Exampie 8 Hybridization 

The purified labelled probe (PGR product according to example 7 purified twice over 
Microcon membranes, preferably Microcon 100 membranes) was dissolved in 1 x 
annealing buffer (1 M Tris HCl pH 8.0; 100 mM MgCh or 5 x SSC) at the desired 
concentrations (preferably as high as possible e.g. 25 mM). 10 to 25 ^1 of this 
solution was applied to the microscope slides prepared in example 4. Subsequently 
the microscope slides were sealed for example by covering them with another 
optionally hydrophobized (e,g. with trimethyl cblorosilane) microscope slide. After 
1 h it was denatured at 80°C for at least 3 niin and then incubated at the desired 
hybridization temperature for 4 to 36 h. Preferred conditions for the hybridization 
with ohgonuclcotides were 4^C for 8 to 12 h using solutions having concentrations 
of 2 ^iM ohgonucleotide in 1 00 mM Tns HCl pH 8.0, 10 mM MgCla. Then it was 
washed in 0. 1 x SSC at an adequate temperature for the desired stringency. 

The fluorescence signals were detected using a Fuji FLA2000 fluoroscanner or a 
fluorescence microscope and a CCD camera. 

When two different covalently bound primers (18-mers) with different sequences 
were used which are incubated with a solution of a fluorescent-labelled 
oligonucleotide which was completely complementary to one of the bound molecules 
and partially (30 %) complementary to the other molecule, a specific hybridization 
was only found with the completely complementary primer. 

In order to test the reusability of the coated solid phases, the hybridized DNA 
molecules (oligonucleotides) were dehybridized by washing at 90^C for 20 - 60 min 
while goitly taking. The dehybridization was tested by fluorescence measurement. 
After complete dehybridization the chips no longer had a fluorescence signal and 
could be used for a second hybridization round. It was possible to reuse them several 
times (at least five times) without a significant loss of boimd DNA molecules. 
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Example 9 Non-covaieat immobilization 

The binding of DNA to the solid phase does not have to be defined covalently but 
can also be carried out with N-(6-anijnohexyl)aiiiinopropyl trimethoxysilane. For this 
puipose the glasses to be modified were exposed to a 0.01-3 % solution of N-(6- 
aminohexyl)anunopropyl trimethoxysilane in methanohwater (=1:1) and allowed to 
react for ca* 1-3 h at room temperature while gently shaking. Afterwards the glasses 
were washed thoroughly with methanol, water and again with methanol. Excess 
methanol was removed by centrifugation at 500 rpra and the glasses were allowed to 
react in an oven for ca. 3 h at 130^C. Afler cooling to room temperature the DNA to 
be apphed (with or without 5 -amino modification) dissolved in water or buffer was 
added dropwise. The DNA was bound to the modified glass by a one hour exposure 
in a saturated water atmosphere at ca. 40 to 50°C and subsequent baking at 110*'C for 
10 to 15 minutes. After cooling to room temperature the DNA arrays manufactured 
in this manner are ready to be used for the remaining procedure (denaturation, 
hybridization, washing and detection). 
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Claims 

Metiiod for covalently immobilizing biopolymcrs on a solid phase comprising the 

steps: 

(a) preparing a solid phase selected from metallic solid phases, oxidic solid phases 
and metallic-oxidic solid phases which contains groups on at least part of its 
surface which can react with ammo groups and are selected from halogenide, 
aidehydc, epoxide, isocyanate and isothiocyanate groups, 

(b) preparing a biopolymer with a reactive amino group and 

(c) covalently immobilizing the biopolymer on the sohd phase. 

Method as claimed in claim 1 > 
characterized in that 

the groups on the solid phase that can react with amino groups are selected 
Irom arylhalogenide, aldehyde and isocyanate groups. 

Method as claimed in claim 1 or 2, 
characterized in that 

the solid phase is selected from silicon, sihcon dioxide, silicate glasses and 
silicon/silicon dioxide. 

Method as claimed in one of the previous claims, 
characterized in that 

the soUd phase comprises a structure of the general formula (I): 

in which Z denotes sihcon, silicon dioxide, a silicate glass or an oxidized 

sihcon layer, 

R denotes (CH^VCl 
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- (CH2VN=CH-(CH2)„,-Cr' 

H 

/I 
CI 

o 

\ 

- (CH2VCH-CH2 

S(0) 

II 

- (CHzVNH-C-NH-R'-N-C-SCO) 

O 

- (CH2VNH-CH,-(CH.)„-C:f or 

H 

-(CH,VN=C»S(0) 

R' denotes an alkylene or arylene residue, in particular a i,4 phenylene 
residue and 

n and m each denote a positive integer preferably from 1 to 20. 

5. Method as claimed in one of the previous claims, 
characterized in that 

the biopolymers are selected from nucleic acids and nucleic acid analogues. 

6. Method as clainied in claim 5, 
characterized in that 

amino-modificd nucleic acids or nucleic acid analogues having a structure of 
the general formula QJ) arc used 

R^NH-X-NA (ID 
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in which 

denotes hydrogen or a Ci-C<5 alkyl group, 
NA denotes a nucleic acid in particular a DNA or an oligonucleotide, or a nucleic 
acid analogue, 

X denotes a chemical bond or a linker group and X is linked to the 5' or/and 
3* terminal building block of NA. 

Method as claimed in claim 6, 
characterized in that 

NA is a nucleic acid and the group R'NH-X is linked to NA via the 5' C atom of the 
5' terminal sugar residue which is in particular a deoxyribose residue. 

Method as claimed in claim 6 or 7; 
characterized in that 

O 
II 

X denotes -(CHOni- or (CH2)ni-0-P- 

I 

OM 

in which 

n' denotes a positive integer or 0, in particular from 1 to 20 e.g. 3, 6 or 12 and 
M denotes hydrogen or a cation. 

Method as claimed in one of the claims 6 to 8 
characterized in that 

the amino-modifled nucleic acids arc produced by enzymatic synthesis and 
subsequent site-specific cleavage at the amino group. 
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10. Method as claimed in one of the claims 6 to 9, 
characterized in that 

after immobilization of flie biopolymer the solid phase comprises a stmclure 
of the general formula (HI): 

Z-R^'-Y-X-NA OH) 

in which Z denotes a solid phase, 
denotes - dCH^', 
Y denotes - N=CH-(CHO«-CH=N-. 

- NH-CHi-(CHj)„-CH,-NR», 
-NR', 

CI (OH) 

S(0) S(0) 
11 il 
-NH-C-NH- R'- NH=C=NR^- 

or 

OH 
I 

- CH-CH2-NR^- 

R', R\ NA and X are defined as in claim 6, 

d2 denotes a positive integer or 0, in particular from 1 to 20 e,g. 1 , 3, 6 or 12 
and 

m is defined as in claim 4. 



11. 



Method as claimed in one of the claims 1 to 10, 
characterized In that 

biopolymers are applied to the solid phase in an array structure. 
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12. Method as claimed in one of the claims 1 to 1 1, 
characterized in that 

the biopolymers are applied by microinjection pipettes. 

13. Solid phase with immobilized biopolymers comprising a structure of the general 
formula (ill) as defined in claim 10. 

14. Solid phase as claimed in claim 13, 
characterized in that 

it contains an array structure with several different biopolymers each on 
separate surface areas. 

15. Solid phase as claimed in claim 13 or 14, 
characterized hi that 

the individual sur&ce areas have a diameter of about 0.5 to 10 p.m. 

16. Use of a solid phase produced as claimed in one of the claims 1 to 12 or a 
solid phase as claimed in one of tiae claims 13 to 15 to exanune interactions 
between the immobilized biopolymers and free biopolymers* 

17. Use as claimed in claim 16, 
characterized in that 

the free biopolymers are selected from nucleic acids, nucleic acid analogues, 
peptidic nucleic acids (PNA), peptides, polypeptides, lipids and 
carbohydrates. 

18. Use as claimed in claim 1 6 or 1 7> 
characterized hi that 

the immobilized biopolymers are selected from nucleic acids, nucleic add 
analogues and PNA and an interaction with free biopolymers based on 
hybridization is examined. 

19. Use as claimed in one of the claims 16 to 18 for sequencing nucleic acids. 
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20. Use as claimed iu one of the claims 16 to 18 for examining the expression of 
genes, the function of genes and metabolism. 

2 1 . Device for caii^g out examinations of hybridization-based interactions of 
immobilized and free biopolymers comprising a solid phase produced as 
claimed in one of the claims 1 to 12 or a solid phase as claimed in one of the 
claims 14 to 16, at least one labelled hybridization probe, a hybridization 
buffer and a hybridization chamber optionally connected to a pumping device 
and a temperature control device. 

22. Use of the device as claimed in claim 2 1 in a method to detect the binding of 
hybridization probes to immobilized biopolymers. 

23. Use as claimed in claim 22 comprising the detachment of bound 
hybridization probes from the solid phase and the use of the device for further 
hybridization cycles. 

24. Use as claimed in claim 22 or 23, 
characterized in that 

hybridization probes are used which contain 5* amino-modifrcd nucleotide 
building blocks. 

25. Use as claimed in claim 24, 
characterized in that 

bound hybridization probes are subjected to a site-specific cleavage at the 
P-N bond of the 5' amino-modified nucleotide building blocks and arc th«i 
detached from the biopolymers immobilized on tiie solid phase. 

26. Method for the simultaneous amplification and labelling of cDNA molecules 
comprising the steps: 

(a) preparing RNA molecules, 

(b) reversely transcribing the RNA molecules without introducing marker groups 
into the resulting cDNA molecules, 
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(c) simultaneously labelling and ampliftang the cDNA molecules using labelled 
deoxyribonucleoside triphosphates and 

(d) optionally purifying the resulting labelled cDNA molecules. 

Method as claimed in claim 2(3, 
characterized in that 

die RNA molecules prepared in step (a) contain a population of different 
RNA molecules, e.g. total RNA, mRNA or other RNA fractions firom a 
biological sample. 

Method as claimed in claim 26 or 27, 
characterized in that 

deoxyribonucleoside triphosphates labelled with fluorescent groups which are 
preferably selected from fluorescein, CY3 and C Y5 are used in st^ (c). 

Method as claimed in one of the claims 26 to 28, 
characterized in that 

5* amino-modiHed nucleotide building blocks are incorporated into the cDNA 
molecules during the amplification. 

Method as claimed in one of the claims 26 to 29, 
characterized in that 

at least one of the primers used for tbe amplification in step (c) is a 5' ammo- 
modified primer. 

Method for inmiobilizing biopolymers on a solid phase comprising the steps; 

(a) preparing a soUd phase selected from metallic solid phases, oxidic solid phases 
and mctallic-oxidic sohd phases which contains amino gzx>ups on at least part of 
its surface, 

(b) preparing a biopolymeraod 

(c) immobilizing the biopolymer on the sohd phase during which the sohd phase 
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containing amino groups fonns stable covalent or non-covalenl interactions 
with the biopolymer. 

32 . Method as claimed in claim 3 1 , 
characterized in that 

the amino groups of the solid phase are produced by treating the solid phase 
snrface with an aminosilyl compound. 

33. Method as claimed in claim 32, 
characterized in that 

the aminosilyl compound has a structure of the general formula IV: 
(R»0)3Si-(CH2)^-(CHa)jNM. (IV) 

in which denotes hydrogOT or a C1-C3 alkyl group, preferably a methyl 
residue and n and m arc defined as in claim 4. 

34. Method as claimed in claim 33, 
characterized in that 

N-(6-anunohexyl)-aniinopropyltrimcthoxysilane is used as the compound of 
formula IV. 

35. Method as claimed in one of the claims 31 to 34, 
characterized in that 

after immobilization of the biopolymer the solid phase comprises a structure 
of the general formula (V): 

I 

O 
I 

Z-0-Si-(CHaVNHKCH2)ni-NH2 ~ NA (V) 
I 

O 
I 
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in which NA, Z, n and m are defiaed as claimed in claim 10 and - represents a 
covalent or uon-covalent iDteractioTi. 

Method as claimed in one of the claims 31 to 35, 
characterized in that 

the biopolymers arc j^iplied to the solid phase in an array structure. 

Method as claimed in one of the claims 3 1 to 36, 
characterized in that 

the biopolymers are apphed by microinjection pipettes. 

Solid phase with inmiobilized biopolymers comprising a structure of the 
general formula (V) as defined in claim 35. 

Solid phase as claimed in claim 38, 
characterized in that 

it contains an array structure with several difFerent biopolymers each on 
separate surface areas. 

Solid phase as claimed in claim 38 or 39, 
characterized in that 

the individual surface areas have a diameter of about 0.5 to 1 0 |im. 

Method for separating double-stranded nucleic acids due to their base 
sequence, 

characterized in that 

one of the nucleic acid strands forming the double-stranded nucleic acid 
firagmcnts contains at least one 5' amino-modified nucleotide building block. 

Method as claimed in claim 41, 
characterized in that 

the separation comprises a partial melting of the nucleic acid double-strands 
by a temperature gradient. 
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43. Method as claimed in claim 41 or 42 for mutation analysis. 



} 



Abstract 

The invention concerns methods for inunobilizing biopolym^, in particular nucleic 
acids on a solid phase. In this process covalent bonds are made between primary 
or/and secondary amine groups of the biopolymers and groups of the solid phase that 
react with amino groups. 
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